This work is devoted to the superconvergence in space approximation of a fully discrete scheme for the incompressible time-dependent Navier-Stokes Equations in three-dimensional domains. We discrete by Inf-Sup-stable Finite Element in space and by a semi-implicit backward Euler (linear) scheme in time.
Introduction
Numerous works have been developed to study the behavior of incompressible fluids through the Navier-Stokes equations (see for instance [14] , [11] In recent years much attention has been devoted to the formulation of efficient schemes for the Navier-Stokes equations. In [9] and [8] , some time-discrete schemes are summarized showing their convergence and stability conditions.
Francisco Guillén-González, Giordano Tierra This paper focuses on a linear Euler Semi-Implicit time scheme (where the convective term is linearized) with stable finite elements in space for solving the Navier-Stokes equations for incompressible fluids (1) filling a 3D domain Ω during a time interval (0, T ). We recall the stability of this scheme and we obtain some superconvergence in space results for the velocity u and the pressure p (solution of the Navier-Stokes problem (1)).
Let
0 (Ω)) corresponding to a regular and quasi-uniform triangulation T h of the domain Ω with polyhedric boundary ∂Ω. We assume that (V h , W h ) satisfies the following properties:
• (V h , W h ) satisfies the so-called Babuska-Brezzi condition (BB), or discrete InfSup condition: there exists β > 0 such that
For instance, the following choices of (V h , W h ) can be considered:
• for m ≥ 2, the Taylor-Hood • m × • m−1 finite element approximation [7, 13] ,
More concretely, fixed a regular time partition (t n = nk) N n=0 of [0, T ] with time step k = T/N, by denoting e n h the discrete error for the velocity at time step n respectively (using the discrete Stokes Projector defined in (8) as interpolator operator), we will deduce some superconvergence results in space.
Theorem 1 Assuming the H 2 × H 1 -regularity of the Stokes Problem and under the following regularity assumptions for the exact solution
we obtain the error estimates for the velocity:
Given X a Banach space, the norms
represent the discrete version of the L ∞ (0, T ; X) and L 2 (0, T ; X) norms for the constant by time subintervals function associated to the value e n at (t n−1 , t n ).
) and so on. On the other hand, by denoting e n p,h as the discrete error for the pressure, we will obtain the following optimal error estimates for the pressure (without imposing constraints on the discrete time and spatial parameters k and h).
